Abstract The pollen morphology of 20 wild taxa belonging to Lathyrus (Syn: Eulathyrus), Orobastrum (Taub.) Boiss. and
Introduction
Lathyrus L. is the largest genus in the tribe Fabaceae of the family Fabaceae, with about 200 known species worldwide. The eastern Mediterranean region is the main centre of diversity for the genus, which is less diversified in North and South America (Bässler 1980; Kupicha 1983; Simola 1986) . In Turkey, 66 species and 76 taxa of Lathyrus have been identified (Davis 1970 (Davis , 1988 Güneş and Ö zhatay 2000) . The endurance of Lathyrus against drought (e.g., L. sativus, L. ochrus) is well known, and the economic value of this is high. L. sylvestris is utilised to prevent erosion in the disrupted and burned-down fields of America (Whyte et al. 1953; Yamamoto and Fujıwara 1984) . The roots of L. tuberosus are consumed as food in the East Anatolian region of Turkey, L. ochrus and L. sativus are used for agricultural processes in Turkey (Güneş 2006) , and approximately 33 species are used for ornamental purposes (Campbell 1997) .
In Turkey, the following characteristics are seen in Lathyrus species: perennial, procumbent to climbing; angled or winged stems; leaves are tendrillous, with leaflets that are one-paired, and either broadly elliptical or linear, with parallel veins and semi-sagittate stipules; racemes are comprised of three or many flowers, with a twisted style; legumens are glabrous, with the upper suture not being two winged. Orobastrum characteristics are annual; procumbent to climbing; angled or sometimes have very narrowly winged stems; tendrillous or aristate leaves; leaflets are one-paired or several-paired, linear to elliptic, with parallel veins; peduncles are one-flowered; and legumens are glabrous or pubescent, with the upper suture not being 2-winged. Cicercula is the largest and most difficult section of Lathyrus in Turkey. In this section the flower colour is very important for identification, and often changes The Lathyrus group in Turkey involves five taxa in total, with one taxon that is endemic (L. undulatus) . Section Orobastrum contains eight taxa, two of which are endemic (L. tauricola and L. woronowii) , and the Cicercula section contains 18 taxa, with four endemic taxa (L. Günes and Cirpici 1998, 2010; Günes 2011b) . These researchers have provided information about the pollen type (3-zonocolporate), pollen shape (spheroidal, subprolate, prolate), structure (tectate infrastructure) and ornamentation (reticulate-granulate) of the taxa belonging to the Cicercula section. Furthermore, Moore et al. (1991) , Güneş and Aytug (2010) and Günes (2011a, b) also noted that the endexine thickens two to three times around the colpus and the porus, and forms a large costae formation.
Therefore, the aim of this study is to determine the pollen morphological properties of 20 Lathyrus taxa belonging to Lathyrus, Orobastrum and Cicercula sections. The secondary aim is to use these properties in the identification of species. In this study, the morphological features of the pollen of 17 taxa, with the exception of L. inconspicuus var. inconspicuous, L. saxatilis and L. chloranthus (Kahraman et al. 2012) , distributed throughout Turkey, were examined for the first time.
Materials and methods
Twenty taxa of Lathyrus were collected from their natural habitats in Turkey between 2004 and 2011 (Table 1) . Two taxa (L. marmoratus Boiss. & Bl. and L. lycicus) were not collectable from their natural habitats, and there was no record of any examples in any of the herbariums examined. All of the collected specimens were identified and deposited in the Herbarium of Kafkas University, Faculty of Arts and Sciences, in the Department of Biology. The pollen was analysed in preparations made using the non-acetolysis method (Wodehouse 1959) under a light microscope. Except for the taxa L. grandiflorus, L. sativus, L. belinensis and L. phaselitanus, for each taxon the pollen belonging to the flowers collected from at least two localities was used. Ten characteristics of the pollen were examined under a magnification of 1,0009: polar diameter (P), equatorial diameter (E) [measured by 400 times magnitude], colpus width (clt; colpus width was measured in regions close to the porus), porus length (plg), porus width (plt), one edge of the polar triangle (t), exine thickness, intine thickness and costae. The structural (exine) and sculptural (exine ornamentation) forms were also shown ( Table 2 ). The Table 1 The specimens examined and their distribution throughout the world arithmetic means, standard deviations and variations were calculated for each characteristic. The standard deviations for the characteristics that had no requirement for multiple measurements are not given. For SEM, the pollen grains were mounted onto stubs with double-sided adhesive tape and were then coated with gold. These coated pollen grains were then examined. The microphotographs were obtained using LEO 440 SEM at a magnification of 2,000-13,0009 and LM at 1,0009. The morphological descriptions of the pollen follow the terminology of Moore et al. (1991) and Punt et al. (1994) .
Results

General remarks
The morphological characteristics of the pollen of 20 taxa belonging to sections Lathyrus, Orobastrum, and Cicercula, indicating a natural dispersion in Turkey, were studied. The characteristics were measured in preparations made using a non-acetolysis method, and their numerical values are given in Dimensions: medium size (P 9 E = 41.29 9 34.11 lm). Apertures: apertures with an intine protrusion (thickening of the middle of the aperture membrane); ectoapertures-colpi: long, straight, nearly reaching the poles, narrow, deep, with acute ends, borders distinct, broader on pori, clg: 33.11 lm, clt: 2.12 lm; endoapertures-pori: large, borders distinct, lalongate, with an annulus (thickness sexine) and costae (thickness nexine), plg: 8.59 lm, plt: 11.68 lm and plg/plt: 0.74.
Outlines: equatorial view rectangular-obtuse-convex; polar view circular to triangular-obtuse-convex.
Ornamentation: reticulate-slightly granulate, reticules big, different in size and shape in the mesocolpium, decreasing towards the apocolpium and colpus. The polar area and colpus area are psilate.
Ex/int: %1/2 Exine: %1.14 lm. L. grandiflorus (Table 2; Figs. 1c, d, 2d-f) Pollen type: 3-zonocolporate. Pollen shape: prolate P/E: 1.39 Dimensions: medium size (P 9 E = 50.60 9 36.40 lm). Apertures: apertures with an intine protrusion (thickening of the middle of the aperture membrane); ectoapertures-colpi: long, straight, wide, deep, with acute ends, the borders very distinct, broader on pori, clg: 36.48 lm, clt: Outlines: equatorial view elliptical-obtuse-convex; polar view circular to triangular.
Ornamentation: distinct reticulate-granulate, reticules different in size and shape, decreasing towards the apocolpium. The colpus area and porus area granulate, the apocolpium are almost psilate to perforate.
Ex/int: %2/1. Exine: %2.28 lm. L. vinealis (Table 2 ; Figs. 1g, h, 2k-m) Pollen type: 3-zonocolporate. Pollen shape: subprolate P/E: 1.25. Dimensions: medium size (P 9 E = 36.49 9 29.25 lm). Apertures: apertures with an intine protrusion (thickening of the middle of the aperture membrane); ectoapertures-colpi: long, straight, nearly reaching the poles, wide, deep, with acute and obtuse ends, the borders little distinct, clg: 31.08 lm, clt: 5.68 lm; endoapertures-pori: large, borders distinct, lalongate, with an annulus (thickness sexine) and costae (thickness nexine) 2.28 lm, plg: 7.68 lm, plt: 12.97 lm and plg/plt: 0.59.
Outlines: equatorial view rectangular-obtuse-convex; polar view circular to triangular.
Ornamentation: reticulate, reticules big and distinct, different in size and shape, decreasing towards the apocolpium. The colpus-porus area and apocolpium are psilate.
Ex/int: 1/1. Exine: %1.14 lm. L. inconspicuus var. inconspicuus (Table 2; Figs. 3a, b, 4a-c) g, h L. vinealis, a, c, e, g polar view, b, d, f, h equatorial view Apertures: apertures with an intine protrusion (thickening of the middle of the aperture membrane); ectoapertures-colpi: long, straight, deep, with acute ends, the borders distinct, clg: 26.93 lm, clt: 4.06 lm; endoapertures-pori: large, borders distinct, lalongate, with an annulus (thickness sexine) and costae (thickness nexine) 1.14 lm, plg: 9.05 lm, plt: 11.42 lm and plg/plt: 0.79.
Ornamentation: reticulate, reticules big and irregular different in size and shape in the mosocolpium, decreasing towards the apocolpium. Colpus area is psilate. Polar areas are very slightly reticulate.
Ex/int: %1/1. Exine: %1.14 lm. L. hierosolymitanus (Table 2; Figs. 5a, b, 6a-c) Pollen type: 3-zonocolporate. Pollen shape: spheroidal P/E: 1.07.
Dimensions: medium size (P 9 E = 31.20 9 29.07 lm). Apertures: apertures with an intine protrusion (thickening of the middle of the aperture membrane); ectoapertures-colpi: very long, straight, nearly reaching the poles, shallow and wide, with obtuse ends, the borders distinct, widenening on pori in mesocolpium, clg: 30.27 lm, clt: 4.87 lm; endoapertures-pori: large, borders distinct, slightly lalongate, with an annulus (thickness sexine) and costae (thickness nexine) thin than 1.14 lm, plg: 12.32 lm, plt: 13.22 lm and plg/plt: 0.93.
Outlines: equatorial view elliptic-obtuse-convex; polar view circular to triangular-obtuse-convex.
Ornamentation: reticulate, reticules different in size and shape in the mosocolpium, decreasing towards the apocolpium. The colpus area is psilate, the apocolpium is slightly reticulate.
Ex/int: 1/2. Exine: %1.14 lm. Ornamentation: slightly reticulate, reticules are different in size and shape in the mesocolpium. The aperture area and apocolpium are psilate.
Ex/int: %1/2. Exine: %0.57 lm.
The pollen grains of the analysed taxa were divided into groups according to their equatorial view and shape as follows:
According to the equatorial view: Section Lathyrus pori: large, lalongate, borders distinct, protruding in the mesocolpium or not.
Exine; tectate-infrastructure and exine thickness ranged between 0.57 and 2.28 lm. The thickest exine was observed in L. saxatilis, L. gorgoni var. gorgoni, and L. stenophyllus, and the thinnest exine was observed in L. chrysanthus, L. chloranthus, and L. trachycarpus.
The ornamentation was reticulate, reticulate-granulate, or slightly reticulate in the mosocolpium. The apocolpium and the aperture area were usually psilate.
Discussion
With this study, the pollen morphology of the 63 taxa that have spread in Turkey up to the present day has been determined (Aytug et al. 1971; Günes and Cirpici 1998, 2010; Günes and Aytug 2010; Güneş 2011a, b; Ç ildir 2011; Kahraman et al. 2012 ). This number comprises about 85 % of all species of Lathyrus in Turkey. Of the 63 taxa, the pollen morphologies have been determined, with the largest pollen originating from L. clymenum (P = 52.42; E = 35.82 lm, prolate) and L. ochrus (P = 52.66; E = 33.02 lm, prolate), and the smallest pollen found in the L. tauricola (P = 30.94; E = 31.20 lm, spheroidal), L. inconspicuus var. inconspicuus (P = 31.62; E = 30.58 lm, spheroidal) and L. inconspicuus var. stenophyllus (P = 31.98; E = 30.99 lm, spheroidal) taxa. This shows that the largest pollen samples were observed in the Clymenum section, and the smallest pollen types were observed in the Orobastrum sections. Pollen of the monotypic species of L. nissolia in the Nissolia section (P = 32.79; E = 24.75 lm, subprolate to prolate) was small and similar to those in the Orobastrum section. The smallest pollen in the Pratensis section belongs to L. pratensis (P = 36.83; E = 29.75 lm, subprolate), and the largest pollen belongs to the L. czeczottianus (P = 43.08; E = 31.20 lm, prolate) taxon (Günes and Aytug 2010), whereas the smallest pollen in the Platystylis section belongs to L. elongates (P = 36.97; E = 38.64 lm, When the results are compared with those obtained by Kahraman et al. (2012) , it is seen that the pollen dimension findings for L. chloranthus (P 9 E = 46.82 9 37.16 lm) are larger than those in our study, whereas the colpus length (clg) of L. inconspicuous is longer (27.78 lm), the clg of L. saxatilis is longer, and the plg and plt values are smaller (Table 2) .
Cronquist (1968) reported that pollen sculpture types have valid morphological features in taxonomy. Thus, the taxonomic value of these Lathyrus taxa, as well as their pollen morphology, could be a distinguishing criterion. In conclusion, the morphological structures of pollen seem to be useful for differentiating between taxa; thus, it is suggested that they could be of benefit in taxonomical studies.
